Recent studies indicate that myosin molecular motors interact inside cells with proteins containing a conserved 'UCS' domain. This appears to ensure proper folding of myosin heads so that they can perform their ATP-dependent actin-based motor functions. The functions of the three fungal UCS proteins appear to be myosin-related. In S. cerevisiae, She4p interacts with a myosin to permit specific mRNA translocation. In this system, mother-specific expression of the HO endonuclease gene is important for mating-type switching ability. This cell-type specific expression is achieved by translocation of ASH1 mRNA, which encodes a HO suppressor, to the daughter cells. This translocation is dependent on She4p, which may interact with Myo4p, an unconventional myosin V [9,10]. Mutations in the UCS domain of She4p also cause defects in endocytosis and disorganization of the actin network [11].
fungus Podospora anserina, She4p of the budding yeast Saccharomyces cerevisiae and Rng3p of the fission yeast Schizosaccharomyces pombe [1] .
UNC-45 is present in all muscle cells in C. elegans and associates with the thick myosin filaments; unc-45 mutations result in paralyzed animals with reduced thick filament accumulation and severe myofibril disorganization [5, 6] . Most of the unc-45 mutations causing muscle defects are either substitutions of conserved residues in the UCS domain or stop codons upstream of this region, demonstrating the functional importance of the UCS domain [6] . UNC-45 homologues exist in vertebrates as well, where they are also found in muscle [7, 8] . The results of antisense inhibition experiments in vertebrates and genetic experiments in C. elegans indicate that UNC-45 interacts with muscle myosin II to control thick filament assembly and contractility [1] .
Recent studies have shown that non-muscle myosin II and unconventional myosin V also interact with UNC-45 [1] . This is in accord with the observation that UNC-45 is found in C. elegans tissues other than muscles (D. Pilgrim, personal communication cited in [1] ). It also fits with the existence in mammals of genes encoding general cell type UNC-45 isoforms [7] : down-regulation of these isoforms by antisense RNA treatment was found to inhibit the proliferation and cell fusion of cultured myoblasts [7] , suggesting that UNC-45 functions in motility-based processes.
The functions of the three fungal UCS proteins appear to be myosin-related. In S. cerevisiae, She4p interacts with a myosin to permit specific mRNA translocation. In this system, mother-specific expression of the HO endonuclease gene is important for mating-type switching ability. This cell-type specific expression is achieved by translocation of ASH1 mRNA, which encodes a HO suppressor, to the daughter cells. This translocation is dependent on She4p, which may interact with Myo4p, an unconventional myosin V [9, 10] . Mutations in the UCS domain of She4p also cause defects in endocytosis and disorganization of the actin network [11] .
In P. anserina, CRO1 regulates the transition from a syncytial to a cellular state, important for sexual development. In cro1 mutant cells, septa fail to form between daughter nuclei, leading to cells with multiple nuclei; the actin cytoskeleton is also disrupted in these mutants [12] . While a direct link between CRO1 and myosin function has not been made, it is reasonable to predict that the cro1 mutant phenotype arises from a failure of myosin(s) to carry out their motor functions properly.
In S. pombe, Rng3p is important for cytokinesis. Prior to cytokinesis, a fission yeast cell forms an actomyosin ring which contracts to generate the two daughter cells. Rng3p is necessary for myosin and F-actin to assemble properly to form this actomyosin ring. In a rng3 null mutant, F-actin is disorganized and the septa at the division site are malformed; the cells fail to complete cytokinesis. Rng3p is also crucial for maintenance of the actomyosin ring after it is formed, as rings are disassembled if Rng3p is inactivated during metaphase. Myosin II that is mutated in its motor domain sequesters wild-type Rng3p at the ring; further, rng3 mutants show strong negative genetic interactions with this mutated myosin [13] . These findings suggest that Rng3p functionally interacts with the non-muscle myosin II head.
UNC-45 and the fungal UCS domain proteins thus participate in a diverse set of physiological processes, and the various mutants show little similarity in their phenotypes (Figure 1) . However, all of the mutations affect myosin function or myosin-containing structures [1,5,9,12,13]. UNC-45 aids muscle myosin assembly and is consequently important for muscle structure and function. She4p may regulate ASH1 mRNA transport by activating the myosin motor and actin organization. CRO1 may interact with a myosin motor, which in turn interacts with and organizes the actin cytoskeleton. Finally, Rng3p may be necessary to keep myosin in an assembly-competent state to enable the formation and maintenance of the cytokinetic actomyosin ring.
Despite all the genetic and co-localization data, physical interactions of UCS proteins with myosin molecules are just beginning to be demonstrated. As they reported recently in Current Biology, Wesche et al. [14] studied She4p interactions using a yeast-two hybrid screen as well as co-immunoprecipitation. When full-length She4p was used as bait in the twohybrid screen, only class I myosins were identified; when the She4p UCS domain was used, class V myosins were also found. Class II myosins were not identified in either screen. All the myosin fragments identified contained at least part of the motor domain, suggesting that interactions occur between She4p and the myosin head. Analysis of she4 mutants showed that She4p function is required for localization of both class I and V myosins. Finally, in an in vitro myosin motor-domain-dependent actin binding assay, class I myosin from she4 null cells bound actin significantly less strongly than myosin from a wild-type extract. These data suggest that She4p directly interacts with motor domains of unconventional myosin and is important for myosin function.
In a second recent study, Barral et al. [15] have directly demonstrated that the C. elegans UCS domain protein UNC-45 interacts with muscle myosin. They found that the amino terminus of UNC-45 binds to the molecular chaperone Hsp90, whereas the carboxy-terminal region containing the UCS domain binds directly to the muscle myosin head (S1). Most interestingly, UNC-45 was found to act as a molecular chaperone for myosin S1, preventing its aggregation.
Given these genetic and biochemical findings, it is reasonable to postulate that the UCS proteins are a family of chaperone or co-chaperone proteins that interact with myosin heads. Muscle myosin II muscle-specific UNC-45 proteins are most likely to target muscle myosin II (Figure 1) . Mutations of UCS proteins may cause misfolding of the myosin molecules, disrupting various myosin-dependent processes, such as muscle thick filament assembly, cytokinesis, cellular transport, and so on (Figure 1 ). It will be interesting to see if other UCS proteins, such as Rng3p and CRO1, also interact directly with myosins and whether these fungal proteins contain chaperone activities. This may not be the whole story for the UCS protein family. Yeast two-hybrid screening with the She4p UCS domain identified 14 non-myosin interacting proteins [14] . Further, UNC-45 shows chaperone activity on the well-studied chaperone substrate citrate synthase, in addition to its myosin-based function [15] . Although direct and biologically relevant interactions between these proteins and the UCS proteins have not been demonstrated, it is at least feasible that UCS proteins have a more general chaperone function, rather than exclusively using myosins as their substrates.
